Biodiesel is one of the promising renewable sources to fulfill the future energy demand of the world. Sustainable feedstock for biodiesel production is one of the major criteria to ensure the process of renewability. Chicken fat is an encouraging feedstock for biodiesel. In this study, waste chicken fat was converted to biodiesel via catalysed transesterification. Optimised process parameters were recorded at 1:4 oil-to-methanol volume ratio and 0.5 wt% KOH catalyst concentration with a biodiesel yield of 96%. The FT-IR spectral analysis of chicken fat and chicken fat biodiesel confirmed the conversion of chicken fats into biodiesel. The physico-chemical properties of biodiesel were tested in accordance with ASTM D6751 and EN 14214 biodiesel standards. The specific fuel properties of chicken fat biodiesel that include calorific value, viscosity and acid value were found to be lower than that of petrodiesel. The diesel engine performance tests confirmed that the biodiesel blends performance was similar to petrodiesel. It is noted that while the brake horsepower increased with the increase of biodiesel blending percentage, the engine power output was found to decrease. Specific fuel consumption also increased along with the biodiesel blending percentage.
INTRODUCTION
In the near future, world's fossil fuel reserves may be exhausted as their formations take millions of years [1] [2] [3] . Some sources even predicted that petroleum oil will be depleted by the year 2045 [4] [5] [6] . However, fossil fuels availability may be prolonged by decreasing their overall consumption [7, 8] . The search for technically, economically and environmentally acceptable alternative fuels for diesel engine escalated with the decline of global petroleum reserves and the increase of environmental consciousness especially for transportation sector [9] [10] [11] .
Biodiesel (mono-alkyl ester) is a biodegradable, renewable and sustainable source of energy. Triglycerides in oil undergoes transesterification process with alcohol to yield biodiesel. The production of biodiesel is possible by utilising oil feedstocks such as waste cooking oil, palm oil, sunflower oil, canola oil, corn oil, fish oil, and chicken fats [12, 13] . Due to various tangible benefits of using biodiesel especially for environmental care and economic development, fats and oil-derived fuels have become attractive alternatives for petroleum-based diesel [14] . Besides, biodiesel is non-toxic and poses no threat to human health [15, 16] . Biodiesel's major disadvantage is its high commercial cost. Biodiesel costs 50 % more than petroleum diesel [17] . Moreover, the raw material for biodiesel production accounts for 70-95 % of the total cost [18] . The most common feedstocks for biodiesel production are soybean oil, rapeseed oil and palm oil [18] [19] [20] . Hence, there is a scientific and economic potential in exploring sustainable and low-cost feedstocks such as animal fats as compared to high-grade vegetable oils [21] [22] [23] [24] . Rendered animal fats are sold commercially as animal feed and feedstock for soap production [25] . However, use of animal fats for animal feed is now prohibited due to health concerns, while its disposal through drainage is penalised in some countries [26, 27] . The feedstocks of biodiesel produced from animal fats cost less than other raw materials. Rendered animal fats are inexpensive compared to food-grade vegetable oil and are readily available in the form of wastes in restaurant, food processing industries and fast food shops [13, 28] . Hence, application of animal fats as biodiesel production feedstock is believed to be favorable as they tend to have low water content and free from fatty acid (FFA) [24, 29, 30] . Biodiesels produced from animal fats are also reported as possessing high cetane number, non-corrosive and clean [31, 32] .
This research explores the suitability of chicken fats for producing clean biodiesel. The chicken fat biodiesel (CFB) was produced by catalysed transesterification process using chicken fats. The key reaction parameters include oil-to-methanol volume ratio and catalyst concentration -they were studied in order to optimise the conversion of chicken fat into CFB. The fatty acid composition and chemical structural features of both chicken fat and CFB were analysed by employing chromatographic and Fourier transform infrared (FT-IR) spectro-photographic techniques. The physico-chemical fuel properties of CFB were analysed using an equipment built on EN and ASTM standard methods. The diesel engine performance was studied using blends of CFB and petrodiesel (PD).
METHODOLOGY

Materials
The biodiesel feedstock, waste chicken fat was obtained from local food stalls and poultry farms around Kuching and Serian, in the state of Sarawak, Malaysia. The waste chicken fat was heated to 120 °C for 1 hour to remove any water content in the fat. Extracted oil was filtered through filter paper to remove solid waste. The transesterification reaction was carried out with methanol (CH3OH) and catalysed using potassium hydroxide (KOH) and sodium hydroxide (NaOH).
Chicken Fat Biodiesel Production
Single-step transesterification was possible for this study as the acid value of the feedstock was less than 2 mg KOH/g [11, [33] [34] [35] . Methoxide was formed by mixing methanol and catalyst together until they were fully dissolved. Chicken oil was mixed with the methoxide after it had been heated up to 60 °C. The mixture was then stirred at 180 rpm for 60 min. at a reaction temperature of 60 °C. The mixture then settled inside a separating funnel overnight to allow for phase separation by gravity. CFB was formed at the top layer while glycerin by-product was formed at the bottom. CFB was then waterwashed repeatedly until the washing water became neutral. The washed CFB was dried and stored in an airtight container.
Chicken Fat and Biodiesel Characterisation
In order to confirm the conversion of chicken fat to biodiesel, chicken fat and CFB samples were directly tested using Fourier transform infrared (FT-IR) spectrophotometer (Shimadzu Iraffinity-1) in a 4000 to 600 cm -1 region with transmittance mode. The fatty acid composition of chicken fat was also analysed through gas chromatography (GC) using Agilent 6890N FID-GC fitted with an Omnistar Q-mass HP-624 Capillary column. Chicken fat's physicochemical properties were analysed and performed as follows: water content (EN ISO 12937), calorific value (ASTM D3338), viscosity (ASTM D445), acid value (ASTM D664), and density (ASTM D4052-91). CFB fuel properties were analysed and performed as follows: calorific value (ASTM D3338), viscosity (ASTM D445), acid value (EN 14104), density (ASTM D1298), cloud point (ASTM D2500), and pour point (ASTM D97) [36, 37] .
Engine Performance Test
CFB was blended with PD in specific blending percentages, i.e. B10 (10% of CFB blended with 90% PD by volume), B20, B30, B40, and B50. B0 denotes 100% PD which serves as a base for comparison. The specifications of the diesel engine used are as shown in Table 1 . The speed of engine was varied from 800 rpm to 3600 rpm with 50% throttle setting for engine performance test. 
RESULTS AND DISCUSSION
Analysis of Chicken Fat Biodiesel Yield
In biodiesel production both oil-to-methanol ratio and the amount of catalyst play a vital role. Figure 1 shows the effect of oil-to-methanol ratio by volume on the CFB yield. The results show that CFB yield is at its highest at ratio of 1:4 for KOH and 1:5 for NaOH, 94 and 90 %, respectively. The use of methanol exceeding the stoichiometric process was proven to increase the CFB yield. However, excess use of methanol also increases the solubility of glycerin in methanol and causes the process equilibrium to shift backward [38, 39] . This would result in the decrease of biodiesel yield. [35, 40] . Other factors which can affect the production yield are reaction temperature and pressure, oil type, oil source, and stirring mode [24, 33, 41] . Figure 1 . Effect of oil-to-methanol ratio on biodiesel production yield: 0.4 wt%, 60 °C. Figure 2 shows the effect of catalyst concentration on CFB yield. It can be observed that the CFB yield is higher for KOH compared to NaOH at a concentration of less than 0.8 wt.%. A maximum CFB yield of 96 % and 88 % were recorded at 0.5 wt.% for KOH and 0.4 wt.% for NaOH, respectively. On average higher CFB was yielded using KOH as compared to NaOH. This may be the result of higher solubility of KOH in organic compound compared to NaOH. Additionally, KOH is preferable than NaOH due to the by-product potassium soap which is softer than sodium soap. This implies that separation of finished product is easier for CFB production using KOH [42] . 
Analysis of Chicken Fat and Biodiesel Fuel Properties
Figure 3 (a) shows the FT-IR spectrum of chicken fat. A strong peak at 1670-1820 cm -1 shows the presence of carbonyl group (C=O) which also indicates C=O bond stretching [43] . Another peak at 1050-1150 cm -1 indicates C-O stretching which is characteristic of carboxylic acids [44] . The absence of strong peaks at 3200-3600 cm -1 which is characteristic of a hydroxyl group (O-H) shows the absence of mono-and di-glycerides but presence of triglycerides in the chicken fat. Besides, the absence of O-H peak also indicates the absence of water and alcohol. The Figure 3 (b) shows the FT-IR spectrum of CFB. The presence of a strong peak at 1670-1820 cm -1 indicates C=O stretching. For esters, besides the presence of C=O group, another peak at 1050-1150 cm -1 shows C-O stretching which is characteristic of an ester [41, 45] . The absence of strong peaks at 3200-3600 cm -1 indicates the absence of O-H group [44] . This translates into the absence of water and alcohol in the CFB. The fingerprint region (600-1000 cm -1 ) of both spectra in Figure 3a and 3b are not similar. This shows chicken fat was successfully converted into CFB. Table 2 shows the fatty acid composition of chicken fat. Saturated compounds (myristic acid, palmitic acid, and stearic acid) produce biodiesel which contains higher cetane number, resists oxidation better and possesses better lubrication properties [19, 37, 46] . Table 3 shows the physical properties of chicken fat, CFB and standard PD. Chicken fat shows an acceptable amount of water and acid value in which no pretreatment is required for the transesterification to take place [33, 34] . The calorific value of CFB at 43.78 MJ/kg is 4.3 % lower than PD which is 45.766 MJ/kg. This shows the energy content in CFB is lower than in PD [47, 48] . However, the low calorific value of CFB is a result of its higher oxygen content [49] . Higher oxygen content can be translated into more efficient fuel combustion and less carbon monoxide emission [33, 50] . The viscosity of CFB at 4.24 mm2/s is 5.8% lower than PD which is 4.5 mm2/s. This shows CFB has higher fuel lubricity and better spray characteristics than PD [17, 51] . The acid value of CFB at 0.15 mg KOH/g oil is way below PD standard which is less than 0.8 mg KOH/g oil. 
Analysis of Diesel Engine Performance
Brake horsepower is the amount of power generated by a motor without taking into consideration any auxiliary component which may slow down the actual speed of the motor. Figure 4 shows the brake horsepower of various CFB and PD fuel blends over engine speeds 800-3600 rpm. The brake horsepower generated from the diesel engine increases with the increase in percentage of CFB in the fuel blends. The addition of lube oil in CFB blend helped with fuel combustion. This translates in better fuel spray characteristics and higher brake horsepower [13] . The brake horsepower peaks at 1600 rpm for all diesel and CFB blends except for B40 which peaks at 2000 rpm. The marginal variation of 0.73 kW brake horsepower of B40 fuel, at 2000 rpm as compared to 1600 rpm refers to the difference in CFB fuel characteristics and engine operating conditions [46] . At 1600 rpm, B10, B20, B30, and B50 produced 11.544, 12.451, 13.766, and 15.517 kW of brake horsepower respectively, while at 2000 rpm, B40 produced 14.788 kW of brake horsepower. PD produced 10.325 kW of brake horsepower at 1600 rpm. From these results, we can deduce that CFB blends perform similarly to PD [52, 53] . Figure 5 shows the engine power output of various CFB blends and PD at brake load of 120 N and three-quarter throttle position. The engine power output decreased with the increase of percentage of CFB blend. Comparing between B10 and PD, there was a small percentage of reduction observed in engine power output which is 1.79%. The percentage of reduction in engine power output for B20, B30, B40, and B50 were 2.27, 3.57, 5.60 and 7.43 %, respectively. From the above-stated percentage of reduction, it was analysed that reduction in engine power output did not vary much by using the CFB blends. The lower calorific value of the CFB was the main reason for the reduction of engine power output as compared to petroleum diesel [47] . Buyukkaya et al. reported power reduction with a lower heating value of biodiesel [54] . Figure 6 shows the specific fuel consumption (SFC) of PD and CFB blends at 1600 rpm, brake load of 120 N and three-quarter throttle position. The SFC of B10, B20, B30, B40 and B50 were 9.726, 9.802, 9.896, 10.024 and 10.245 mL/kW, respectively. The SFC of CFB blends increased when the biodiesel percentage increased in the blend. Comparing the SFC of CFB blends with PD; B10, B20, B30, B40 and B50 at 0.76, 1.54, 2.52, 3.84 and 6.13 % respectively, they are all higher than B0. It was found that the increment in SFC became significant when a higher percentage of CFB was used for blending. This is due to lower heating value and higher density of CFB compared to PD [23, 51, 53] . 
CONCLUSION
This research successfully explored the possibility of using waste chicken fat as a potential feedstock for production of biodiesel. The physico-chemical properties and fatty Biodiesel blend acid composition of CFB were analysed. The chemical structure of CFB was investigated through GC and FT-IR techniques. A CFB yield of 96 % was noted during KOH catalysed transesterification of chicken fat. The optimum reaction parameters were 1:4 of oil-tomethanol volume ratio and 0.5 wt.% of KOH catalyst concentration for reaction temperature of 60 °C and reaction time of 60 min. The FT-IR analysis of chicken fat and CFB confirmed the conversion of chicken fat into CFB free from water and excess alcohol. The biodiesel fuel properties achieved were in compliance with EN 14214 biodiesel standards. The calorific value, viscosity, and acid value of CFB were lower than petrodiesel. The diesel engine performance test showed CFB blends outperform or performed similar to petrodiesel.
